CHARGING SYSTEM FOR VEHICLE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a charging system for 

a vehicle for charging batteries carried on the vehicle. 

2 . Description of the Related Art 

Recently, there is known a vehicle which carries two kinds 
of batteries with different voltages, that is, a main battery 

10 (for example, a 42V battery) and an auxiliary battery (for 
example, al2Vbattery) . In other words, there is known a vehicle 
which is capable of using properly two kinds of batteries with 
different voltages in such a manner the main battery is used 
to drive a motor requiring large electric power and the auxiliary 

15 battery is used to drive other units such as a control unit 
than the motor . 

Now, Fig. 13 is a block diagram of a first example of 
a conventional charging system for charging the batteries of 
the above-mentioned type carried on a vehicle. This 

20 conventional charging system example includes two systems of 
charging circuits in order to charge two kinds of batteries 
with different voltages. That is, to charge a main battery 
101, an alternating current generated by a motor generator 
102 may be converted into a direct current by an inverter 104 

25 which is controlled by a controller 103, and the thus-converted 
direct current may be supplied to the main battery 101. On 
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the other hand, to charge an auxiliary battery 105, when an 

alternator 107 is rotated by an engine 106, a direct current 
generated by the alternator 107 may be supplied to the auxiliary 
battery 105. 

5 Now, Fig. 14 is a block diagram of a second example of 

a conventional charging system for charging the batteries for 

vehicle of the above-mentioned type. In this example, there 

are used a DC/DC converter 108 changing the voltage in order 

to charge two kinds of batteries which differ in voltage from 

JlO each other. That is, to charge a main battery 101, similarly 

n to the first example, an alternating current generated by a 
0 

motor generator 102 may be converted into a direct current 

o 

O by an inverter 104 which is controlled by a controller 103, 
==; and the-thus converted direct current may be supplied to the 

^'15 main battery 101. On the other hand, an auxiliary battery 
^- 105 can be charged by converting the output voltage of an inverter 

U 104 using the DC/DC converter 108. 

However, since the above-mentioned conventional charging 
systems require the alternator and DC/DC converter, the charging 
20 systems are complicated in structure and expensive in the 
manufacturing costs thereof. 

SUMMARY OF THE INVENTION 
The present invention aims at eliminating the drawbacks 
25 found in the above-mentioned conventional charging systems. 
Accordingly, it is an object of the invention to provide a 
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charging system for a vehicle which is neither complicated 
in structure nor expensive in cost. 

In attaining the above object, according to the present 
invention, there is provided a charging system for a vehicle, 
5 including: a motor generator which operates as a generator 
to generate an alternating current when the motor generator 
is driven by an internal combustion engine, and operates as 
a motor when an alternating current is supplied thereto; a 
switching circuit for converting an alternating current 
■^3 10 generated by the motor generator into a direct current; a first 
tn accumulator for accumulating therein the direct current 

U converted by the switching circuit; a second accumulator for 

m accumulating therein the direct current converted by the 

L switching circuit and having an accumulation voltage smaller 

i'=^:15 than that of the first accumulator; a first opening/closing 
M unit interposed between the first accumulator and switching 

fU circuit; a second opening/closing unit interposed between the 

second accumulator and switching circuit; and, a control unit 
for controlling the opening and closing of the first and second 
20 opening/closing units. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of a charging system for a vehicle 
according to an embodiment of the invention; 
25 Fig. 2 is a flow chart of waveforms to be applied to a 

bridge circuit 5B of the inverter 5 when charging vehicle 
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batteries ; 

Fig. 3A to 3C are timing charts of the waveforms of the 
respective parts of the charging system when driving a motor 
or charging the batteries; 
5 Fig. 4 is an explanatory view of the flow of currents 

in a 42V drive mode and in a 42V charge mode; 

Fig. 5 is an explanatory view of the flow of currents 
in a 12V charge mode; 

Fig. 6 is an explanatory view of the flow of currents 

□lO in a pre-charge mode and in a discharge mode; 

□ 

'i,n Fig. 7 is a timing chart of a first example of an operation 

(operation example 1) to be executed for the time from the 
start of the engine 1 to the stop thereof; 
;L Fig. 8 is a timing chart of the details of the operation 

of the operation example 1; 
M Fig. 9 is a timing chart of a second example of an operation 

fy (operation example 2) to be executed for the time from the 

start of the engine 1 to the stop thereof; 

Fig. 10 is a flow chart of the pre-charge operation of 
20 a smoothing condenser C and the start operation of an engine 
in the operation example 2; 

Fig. 11 is a flow chart of an operation to be executed 
for charging a 42V battery 6 and a 12V battery 8 alternately 
in the operation example 2; 
25 Fig. 12 is a flow chart of the engine stop operation and 

the discharge operation of the smoothing condenser C in the 
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operation example 2; 

Fig. 13 is a block diagram of a first example of a 
conventional charging system for charging the batteries of 
a vehicle making proper use of two kinds of batteries with 
different voltages; and. 

Fig. 14 is a block diagram of a second example of a 
conventional charging system for charging the batteries of 
a vehicle making proper use of two kinds of batteries with 
different voltages. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, Fig. 1 is a block diagram of the structure of a charging 
system for a vehicle according to an embodiment of the invention . 
The output shaft of an engine 1 is connected to the rotary 
shaft of a motor generator 2, while they cooperate together 
in forming a common shaft. This common shaft is connected 
to a transmission 3, while the output shaft of the transmission 
3 is connected to wheels 4 . Due to this, the engine 1 is capable 
of rotating the wheels 4 through the transmission 3 to thereby 
run a vehicle. In this operation, since the engine 1 rotates 
the rotary shaft of the motor generator 2, the motor generator 
2 operates as a generator and thus generates an alternating 
current. On the other hand, when starting the engine 1, an 
alternating current is supplied to the motor generator 2 to 
thereby operate the motor generator 2 as a motor. The output 
shaft of the engine 1 is rotatedby themotor generator 2 operating 



as a motor and, at that time, fuel is supplied and a plug is 

ignited to thereby start the engine 1. 

The motor generator 2 includes three input/output 

terminals 2U, 2V and 2W respectively corresponding to three 
5 phases (U phase, V phase, W phase) . These input/output 

terminals 2U, 2V and 2W are respectively connected to the AC 

input/output terminals 5U, 5V and 5W of an inverter 5. The 

inverter 5 further includes two DC input/output terminals 5D1, 

5D2 and a grounding terminal GND . 
OlO The inverter 5, when the motor generator 2 operates as 

in a generator, inputs an alternating current sent from the motor 

NO 

U generator 2 through the AC input/output terminals 5U, 5V and 

.i;l=i 5W, converts the alternating current to a direct current, and 

outputs the direct current from the AC input/output terminal 

f'°;:15 .5D1 and the grounding terminal GND or from the AC input/output 
terminal 5D2 and the grounding terminal GND. 

fU On the other hand, when the motor generator 2 operates 

as a motor, the inverter 5 converts a direct current input 
from the AC input/ output terminal 5D1 and the grounding terminal 
20 GND or from the AC input/output terminal 5D2 and the grounding 
terminal GND to an alternating current, outputs the converted 
alternating current from the AC input/output terminals 5U", 
5V and 5W, and sends it to the motor generator 2 . 

The inverter 5 incorporates therein a bridge circuit 5B, 
25 a smoothing condenser C, a reverse current preventive diode 
D, transistors SBl, SB2, and parasitic diodes KBl, KB2 formed 



together with the transistors SBl, SB2 . 

That is, between the collectors and emitters of the 
transistors SBl, SB2, there are formed the parasitic diodes 
KBl, KB2 respectively. Equivalently, the anodes of the 
5 parasitic diodes KBl, KB2 are respectively connected to the 
emitters of the transistors SBl, SB2, while the cathodes of 
the parasitic diodes KBl, KB2 are respectively connected to 
the collectors of the transistors SBl, SB2 . 

The collector of the transistor SBl is connected to the 

10 AC input/output terminal 5D1, while the emitter of the transistor 
SBl is connected to the collector of the transistor SB2 . The 
emitter of the transistor SB2 is connected to the anode of 
the reverse current preventive diode D, while the cathode of 
the reverse current preventive diode D is connected to the 

15 AC input/output terminal 5D2 . 

The bridge circuit 5B, which is a switching circuit, 
includes AC input/output terminals 5BU, 5BV, 5BW, DC 
input/output terminals 5BD, grounding terminals 5BG, and 
control terminals 5BU1, 5BU2, 5BV1, 5BV2, 5BW1, 5BW2 . The 

20 AC input/output terminals 5BU, 5BV, 5BW are respectively 
connected to the AC input/output terminals 5U, 5V and 5W of 
the inverter 5, while the DC input/output terminals 5BD are 
respectively connected to the emitter of the transistor SBl 
and the collector of the transistor SB2 . The grounding 

25 terminals 5BG are connected to the grounding terminal GND of 
the inverter 5. Also, the smoothing condenser C is connected 
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between the DC input/output terminals 5BD and grounding 
terminals 5BG. 

Now, description will be given below of the internal 
structure of the bridge circuit 5B. The bridge circuit 5B 
5 incorporates therein a plurality of switching elements, that 
is, transistors SUl, SU2, SVl, SV2, SWl, SW2 . Between the 
collectors and emitters of these transistors SUl, SU2, SVl, 
SV2, SWl, SW2, there are formed parasitic diodes KUl, KU2, 
KVl, KV2, KWl, KW2 respectively. Equivalently, the anodes of 
^•3io the respective parasitic diodes are connected to the emitters 
in of the respective transistors, while the cathodes of the 
respective parasitic diodes are connected to the collectors 
I'R of the respective transistors. 

l,^ The collectors of the transistors SUl, SVl, SWl are all 

j":l5 connected to the DC input/output terminals 5BD. The emitter 
!'~ of the transistor SUl is connected to the collector of the 

i'U transistor SU2 , the emitter of the transistor SVl is connected 

to the collector of the transistor SV2, and the emitter of 
the transistor SWl is connected to the collector of the 
20 transistor SW2 . The emitters of the transistors SU2, SV2 , 
SW2 are all connected to the grounding terminals 5BG. 

The AC input/output terminal 5BU is connected to the emitter 
of the transistor SUl and the collector of the transistor SU2, 
the AC input/output terminal 5BV is connected to the emitter 
25 of the transistor SVl and the collector of the transistor SV2, 
and the AC input/output terminal 5BW is connected to the emitter 



of the transistor SWl and the collector of the transistor SW2 . 

Between the DC input/output terminal 5D1 and the grounding 
terminal GND of the inverter 5, there are connected a 42Vbattery 
6 serving as a first accumulator which can be charged, and 
5 a first voltage detect unit 7 for detecting a voltage across 
the 42V battery 6. Also, between the DC input/output terminal 
5D2 and grounding terminal GND of the inverter 5, there are 
connected al2V battery 8 serving as a second accumulator which 
can also be charged, and a second voltage detect unit 9 for 

10 detecting a voltage across the 12V battery 8. Between the 
two ends of the 12V battery 8, there is connected a load 10 
which can be driven by the 12V battery 8. That is, there are 
disposed the first and second accumulators for accumulating 
therein direct currents converted by the bridge circuit 5B 

15 serving as a switching circuit; and, between the first 
accumulator and switching circuit, there is interposed the 
transistor SBl serving as a first opening/closing unit and, 
between the second accumulator and switching circuit, there 
is interposed the transistor SB2 serving as a second 

20 opening/closing unit, while electric energization through the 
opening/closing operations by the first and second 
opening/closing units is controlled by an ECU (electronic 
control unit) 11 serving as a control unit. 

The results (the detected voltage values) detected by 

25 the first and second voltage detect units 7 and 9 are input 
to the ECU 11. To the ECU 11, there are also input the outputs 



9 



SEU, SEV, SEW of a rotation angle sensor 2a which detects the 
rotation angle of the motor generator 2 . The ECU 11 is connected 
to a storage unit 12 which stores the maps (data) of the duties 
(the on/off ratios) of pulses to be supplied for driving the 
5 respective transistors of the bridge circuit 5B. Also, the 
-ECU 11 is connected to the control terminals 5BU1, 5BU2, 5BV1, 
5BV2, 5BW1, 5BW2 of the bridge circuit 5B and supplies the 
above-mentioned pulses to these control terminals. Further, 
the ECU (Electronic Control Unit) 11 is connected to the bases 

□lO of the transistors SBl and SB2 and controls the on/off of these 

Q 

i,n transistors. 

That is, in the present charging system, there are disposed 
the first and second accumulators which respectively accumulate 
the direct currents converted by the bridge circuit 5B serving 

i"^15 as the switching circuit; the transistor SBl which functions 

M as the first opening/closing unit is interposed between the 

□ 

m first accumulator and switching circuit; the transistor SB2 

which functions as the second opening/closing unit is interposed 
between the second accumulator and switching circuit; and, 

20 the electric energization through the opening/closing 
operations by the first and second opening/closing units is 
controlled by the ECU 11 serving as the control unit. 

The ECU 11 controls the bridge circuit 5B in accordance 
with the detected results of the voltages between the terminals 

25 of the respective batteries obtained by the first and second 
voltage detect units 7 and 9 as well as the outputs SEU, SEV, 
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SEW issued from the rotation angle sensor 2a . Since the control 
of the bridge circuit 5B by the ECU 11 is PWM control (control 
which repeats the on/off of the bridge circuit 5B through 
pulse width modulation) , when sending the pulses to the bridge 
5 circuit 5B, the duties of the pulses are determined in accordance 
with the maps previously stored in the storage unit 12. 

The ECU (Electronic Control Unit) 11 controls the inverter 

5 in the following manner : that is, when charging the 42Vbattery 

6 serving as a high voltage supply, the bridge circuit 5B is 

lijlO used to raise the voltage of the42V battery 6 up to a high 

o 

(ff voltage {42V) ; and, when charging the 12V battery 8 serving 
i^T as a low voltage supply, the voltage of thel2V battery 8 is 

raised up to a low voltage (12V) . By the way, the transistors 
SBl and SB2, which distribute the outputs of the inverter 5 
i'^=15 to the two batteries, may be disposed on the same chip as the 
j:=a bridge circuit 5 or may be formed on another chip, 
ry Now, Fig. 2 is a timing chart of waveforms to be applied 

■ to the bridge circuit 5B of the inverter 5 when charging the 
batteries. In a period A of Fig . 2, the respective transistors 
20 disposed within the bridge circuit 5B are stationarily turned 
on, in a period B, the respective transistors are PWM controlled 
and, in a period C, the respective transistors are turned off . 

Now, Figs. 3A to 3C are timing charts of the waveforms 
of the respective parts of the charging system when driving 
25 the motor or charging the batteries. Specifically, Fig. 3A 
shows the output waveforms of the rotation angle sensor 2a 
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disposed in the motor generator 2. Fig. 3B shows waveforms 

to be applied to the bridge circuit 5B of the inverter 5 in 
a drive mode (a mode in which electric power is supplied to 
the motor generator 2 from the 42V battery 6 to thereby use 
5 the motor generator 2 as a motor) . Fig. 3C shows waveforms 
to be applied to the bridge circuit 5B of the inverter 5 in 
a regenerative mode (a mode in which the motor generator 2 
is used as a generator to thereby charge the batteries) . These 
waveforms includes the period A in which the respective 

PlO transistors are stationarily turned on, the period B in which 

Q 

in the respective transistors are PWM controlled so that the 

|,=i respective transistors are repeatedly turned on and off, and 

:.n 

I'S the period C in which the respective transistors are turned 

■;=^ off. By the way, the waveforms shown in Fig . 3C are synchroni zed 

i'°^15 in accordance with the output waveforms of the rotation angle 
1'=' sensor 2a in Fig . 3A. In other words , in charging the batteries , 

fy the ECU 11 synchronizes the waveforms to be sent to the bridge 

circuit 5B in accordance with the output waveforms of the 
rotation angle sensor 2a. 
20 The charging system according to the present embodiment 

includes five kinds of operation modes: that is, a 42V drive 
mode, a 42V charge mode, a 12V charge mode, a pre-charge mode, 
and a discharge mode. 

Now, Fig. 4 is an explanatory view of the flow of currents 
25 in the 42V drive mode and the 42V charge mode. When starting 
the engine 1, the motor generator 2 is driven by electric power 
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supplied from the 42V battery 6, the motor generator 2 is thus 
operated as a motor, that is, the motor generator 2 rotates 
the output shaft of the engine 1, thereby starting the engine 
1; and, therefore, the mode for starting the engine 1 is referred 
to as a 42V drive mode. In this case, the transistor SBl is 
turned on, whereas the transistor SB2 is turned off. 

In the 4 2V charge mode for charging the 42V battery 6, 
the transistors SBl and SB2 are turned off, and a charging 
current is supplied to the 42V battery 6 through the parasitic 
diode KBl. In this mode, the bridge circuit 5B is controlled 
by the ECU 11 so as to generate a constant voltage (42V). 
In detail, the storage unit 12 previously stores the maps of 
the duties, which correspond to the number of rotations of 
the motor • generator 2 and are used to obtain a desired voltage 
value (42V) ; and, with reference to the maps, the ECU 11 controls 
the duties of the waveforms to drive the respective transistors 
disposed within the bridge circuit 5B . 

Now, Fig. 5 is an explanatory view of the flow of currents 
in the 12V charge mode. In the 12V charge mode for charging 
the 12V battery 8, the transistor SBl- is turned off, the 
transistor SB2 is turned on, and the 12V battery 8 is charged 
through the transistor SB2 and reverse current preventive diode 
D. The reverse current preventive diode D prevents a current 
from flowing reversely from the 12V battery 8 to the bridge 
circuit 5B. 

In this mode, the bridge circuit 5B is controlled by the 



ECU 11 such that it generates a constant voltage (12V). In 
detail, the storage unit 12 previously stores the maps of the 
duties which correspond to the number of rotations of the motor 
generator 2 and are used to obtain a desired voltage value 
5 (12V); and, with reference to the maps, the ECU 11 controls 
the duties of the waveforms to drive the respective transistors 
disposed within the bridge circuit 5B . 

Now, Fig. 6 is an explanatory view of the flow of currents 
in a pre-charge mode and a discharge mode. The pre-charge 

OlO mode is a mode for pre-charging the smoothing condenser C of 

o 

in the inverter 5 using the 42V battery 6, whereas the discharge 

••0 

mode is a mode for discharging the smoothing condenser C of 
■ the inverter 5 to thereby lower the voltage across the smoothing 
condenser C. The discharge of the smoothing condenser C is 
i'-lS carried out for securing safety in maintenance and inspection. 
i^=a In the pre-charge mode, the transistor SBl is PWM controlled 

m in a given duty and thus it is turned on and off repeatedly. 

Due to this, the smoothing condenser C is charged with a given 
current . 

20 In the discharge mode, the transistor SB2 is PWM controlled 

in a given duty and thus it is turned on and off repeatedly. 
Due to this, the smoothing condenser C is discharged with 
a given current. 

In these modes, between the transistors SBl, SB2 andbridge 
25 circuit 5B, there may be interposed a current detect unit 13: 
that is, a charge current or a discharge current is detected 
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by the current detect unit 13 and, in accordance with the detect 
results, the smoothing condenser C can be charged and discharged 
with a given current. Also, between the grounding terminal 
5BG and a point where the emitter of the transistor SBl is 
5 connected to the collector of the transistor SB2, there may 
be interposed a voltage detect unit 14 : that is, while detecting 
the voltage across the smoothing condenser C using the voltage 
detect unit 14, the smoothing condenser C can be charged and 
discharged in such a manner that it provides a desired voltage. 

10 Now, Fig. 7 is a timing chart of an example of the operation 

(operation example 1) from the start of the engine 1 to the 
stop thereof. In the operation example 1, there is assumed 
charge control which is used only in the following case: that 
is, in a vehicle idling stop operation in which the idling 

15 of the engine is stopped while the vehicle is stopping 
temporarily, the engine is started again from the idling stop 
condition by the 42V battery. Specifically, in case where 
an ignition switch (IG) is turned on, firstly, the pre-charge 
of the smoothing condenser C is executed (®) , next, the motor 

20 generator 2 is driven by the 42V battery 6, the motor generator 
2 rotates the engine 1 and, at that time, a plug ignition operation 
is started, thereby starting the engine 1 ((D) . 

Next, in the 42V charge mode, the 42V battery 6 is charged 
( (E* ) . In detail, the started engine 1 rotates the motor 

25 generator 2 and thus the motor generator 2 operates as a 
generator; and, due to the electric power generated by the 



15 



motor generator 2, the 42V battery 6 is charged. The charging 
amount at that time corresponds to the start electric power 
that is necessary for the next starting of the engine 1, that 
is, the 42V battery 6 is replenished with the electric power 
• 5 to be consumed in starting the engine 1 next. 

In case where the charging of the electric power into 
the 42V battery 6 is completed, next, the mode is switched 
over to the 12V charge mode, in which the 12V battery 8 is 
charged {®) . In the 12V charge mode, not only the 12V battery 
^3L0 8 is charged but also the electric power to be consumed by 
iJI the load 10 connected to the 12V battery 8 is supplied from 
iil the motor generator 2 through the inverter 5. That is, after 
fr=- the42V battery 6 is charged with the electric power necessary 
for the next engine start, the 12V charge mode is carried out 
I'^^IS successively - 

1^=^= In case where the ignition switch is turned off, the mode 

m is- switched over to the discharge mode, in which the smoothing 

condenser C is discharged, and thus the voltage across the 
smoothing condenser C is lowered down to 12V, to thereby secure 
20 safety in the maintenance and the inspection. 

Now, Fig. 8 is a flow chart of the details of the operation 
of the above-mentioned operation example 1. By the way, 
reference characters such as SI used in the following description 
designate steps to be executed in the flow chart. Firstly, 
25 it is checked whether the ignition switch is turned on or not 
(SI). If the ignition switch is turned on, a first timer is 
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started (S2) . The first timer is a timer which is incorporated 

in the ECU 11 and is used to measure the pre-charge time of 

the smoothing condenser C. Then, the transistor SBl is PWM 

controlled for chopping operation to thereby execute the 

5 pre-charge operation of the smoothing condenser C (S3), and 

the first timer is ended ( S4 ) , thereby completing the pre-charge 

operation. In this manner, the pre-charge operation of the 

smoothing condenser C is executed by a given time. 

Next, the transistor SBl is turned on (35) and a direct 

□ 10 current is supplied from the 42V battery 6 to the bridge circuit 

in 5B of the inverter 5. The bridge circuit 5B of the inverter 

1,1 5 executes the forced commutation of the direct current supplied 

..is thereto (36), so that the direct current is converted into 

. an alternating current and this alternating current is supplied 

j'=^15 to the motor generator 2. In response to this, the motor 

l'^ generator 2 operates as a motor and thus the motor generator 

□ 

fij 2 as a motor rotates the engine 1. And, if the plug is ignited 

.(37), then the engine 1 is started. The ECU 11 confirms from 
the output of the rotation angle sensor 2a that the engine 
20 rotation number Ne is larger than a given value (38) . That 
is, the ECU 11 confirms that the engine 11 starts and then 
idles . 

Next, the ECU 11 confirms whether a 42V charge flag to 
be output when the storage amount of the42V battery is less 
25 than a given value is present or absent (39) ; and, if the 42V 
charge flag is present, then the charging of the 42V battery 



17 



6 is started (SIO) . That is, if the 42V charge flag is present, 
then the PWM control of the bridge circuit 5B is started to 
thereby begin the charge of the42V battery 6. And, the first 
voltage detect unit 7 detects the voltage across the42V battery 
6 (Sll) and sends the detect result to the ECU 11. The ECU 
11 checks whether the detected voltage value is a given value 
or more or not, thereby judging the charged amount of the42V 
battery 6; and, if the charged amount is sufficient, then the 
42V charge flag is extinguished. The ECU 22 confirms that 
the 42V charge flag is extinguished (S12) and, after then, 
the ECU 22 stops the supply of pulses to the bridge circuit 
5B (313) to thereby stop the charge of the42V battery .6. 

On completion of the charge of the42V battery 6, the ECU 
11 confirms the presence or absence of a 12V charge flag (S14) 
which is output when the storage amount of the 12V battery 
8 is less than a given value; and, if the 12V charge flag is 
present, then the charge of thel2V battery 8 is executed. 
That is, if the 12V charge flag is present, then the transistor 
SB2 is turned on and, after then, the PWM control of the bridge 
circuit 5B is carried out (S15) . 

If the ignition switch is turnedof f (S16) , then the ignition 
of the plug is stopped and thus the PWM control of the bridge 
circuit 5B is also stopped (S17) . And, a second timer ( which 
is also incorporated in the ECU 11) for measuring the discharge 
time of the smoothing condenser C is started (S18) . And, the 
ECU 11 performs PWM control of the transistor SB2 to thereby 
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execute the discharge of the smoothing condenser C (S19) . 
If the second timer is ended, the discharge of the smoothing 
condenser C is terminated. 

Now, Fig. 9 is a timing chart of a second example (operation 
5 example 2) of the operation to be executed for the time from 
the start of the engine 1 to the stop thereof. In this operation 
example 2, the charged electric power of the 42V battery 6 
is used not only to start the engine by the motor generator 
2 but also to execute an assisting operation in which an auxiliary 

OlO drive operation is carried out by the motor generator 2 while 

□ 

Ln the vehicle is running. If the ignition switch (IG) is turned 

Li on, firstly, the pre-charge of the smoothing condenser C is 

m executed {®) and, next, the motor generator 2 is driven by 

the 42V battery 6 and thus the motor generator 2 is allowed 
f°: 15 to rotate the engine 1 to thereby start the engine 1 ((D) . 
1'=^ Next, the charge of the42V battery 6 and the charge of 

ry ■ the 12V battery 8 are executed alternately ((3),®) . Switching 
of the batteries to be charged is executed in accordance with 
the accumulated power amounts of the 42Vbattery 6 andl2Vbatter y 
20 8, or in accordance with the charge flags which are output 
according to previously set charging timings. If the ignition 
switch is turned off and the engine 1 is thereby stopped, then 
the discharge of the smoothing condenser C is executed ((D) . 
Now, Figs. 10 to 12 are flow charts of the details of 
25 the above-mentioned operation examples 2. That is. Fig. 10 
is a flow chart of the pre-charge operation of the smoothing 
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condenser C and the start operation of the engine. And, Fig. 
11 is a flow chart of the operation to charge the 42V battery 
6 andl2V battery 8 alternately. Also, Fig. 12 is a flowchart 
of the stop operation of the engine and the discharge operation 
of the smoothing condenser C. By the way, reference characters 
such as SlOl, S201, S301 in the following description designate 
steps to be executed in the respective flow charts. 

Firstly, description will be given below of the flow of 
the pre-charge operation and engine start operation with 
reference to Fig. 10. The ECU 11 confirms that an engine start 
flag, which is output when the ignition switch is turned on, 
■is 1 (SlOl) and, after then, checks whether a pre-charge 
completion flag, which is output when the pre-charge operation 
to pre-charge the smoothing condenser C is completed, is 1 
or not (S102) . If the pre-charge completion flag is not 1, 
then the transistor SBl is PWM controlled to thereby execute 
the pre-charge operation of the smoothing condenser C (3103); 
and, if the pre-charge completion flag is 1, then the pre-charge 
operation of the smoothing condenser C is not executed. 

Next, the pre-charge completion flag is set for 1 (S104) . 
And, the transistor SBl is turned on and a direct current 
is supplied from the 42V battery 6 to the bridge circuit 53. 
Then, the bridge circuit 5B forcibly commutates the direct 
current supplied thereto, thereby converting it into an 
alternating current. This alternating current is supplied 
to the motor generator 2 and thus the motor generator 2 rotates 
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the engine 1. At the same time, the plug is ignited (S105), 

thereby starting the engine 1. The ECU 11, in accordance with 
the output of the rotation angle sensor 2a, detects the rotation 
number Ne of the engine 1 and checks whether the rotation number 
Ne of the engine 1 is larger than a given value or not, thereby 
judging whether the start of the engine 1 is completed or not 
( S.10 6} . . 

Next, description will be given below of the flow of a 
charge operation to charge the42V battery 6 andl2V battery 
8 alternately according to their respective accumulated voltage 
amounts with reference to Fig. 11. Firstly, the accumulated 
voltage amount of the 42V battery 6 and the accumulated voltage 
■ amount of 12V battery 8 are detected respectively (S201) . 
Specifically, the first voltage detect unit 7 and s econd vol tage 
detect unit 9 detect the voltages across the respective batteries 
and, in accordance with the detect results , the ECU 11 calculates 
the accumulated voltage amounts of the respective batteries . 

Next, the accumulated voltage amount of 12V battery 8 
is compared with its reference value (S202); and, if it is 
found smaller than the reference value, then the 12V charge 
flag is set for 1 (S204) and the 42V charge flag is set for 
0 (S205). This executes the charge operation of the 12V battery 
8. 

If the accumulated voltage amount of 12V battery 8 is 
found equal to or larger than the reference value, then the 
accumulated voltage amount of 42V battery 6 is compared with 



its reference value (S203)/ and, if it is found smaller than 
the reference value, then the 42V charge flag is set for 1 
(S20 6) and the 12V charge flag is set for 0 (S207 ) . This executes 
the charge of the 42V battery 6. 
5 By the way, the switching of the charge operation of the 

42V battery 6 and the charge operation of the 12V battery 8 
over to each other may also be executed in accordance not with 
their accumulated voltage amounts but with a previously set 
switching time. 

□ 10 Next, description will be given below of the flow of the 

n engine stop operation and the discharge operation of the 

2 ■ smoothing condenser C with reference to Fig. 12. If the ECU 
^ 11 confirms that the engine stop flag is 1 (S301), then the 

ECU 11 stops the PWM control of the bridge circuit 5B of the 
^^15 inverter 5 and also stops the ignition of the plug (S302), 

thereby causing the engine 1 to stop. And, the transistor 

3 

y SB2 IS PWM controlled to thereby execute the discharge operation 

of the smoothing condenser C (S303) . If the discharge operation 
is completed, then a pre-charge completion flag is set for 
20 0 (S304) . 

While only certain embodiments of the invention have been 
specifically described herein, it will apparent that numerous 
modifications may be made thereto without departing from the 
spirit and scope of the invention. 
25 As described in the above, according to a first aspect 

of the invention, there is provided a charging system for a 
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vehicle, including: a motor generator (in the embodiment, a 
motor generator 2) which operates as a generator to generate 
an alternating current when the motor generator is driven by 
an internal combustion engine (in the embodiment, an engine 
1) , and operates as a motor when an alternating current is 
supplied thereto; a switching circuit (in the embodiment, a 
bridge circuit 5B) for converting an alternating current 
generated by the motor generator into a direct current; a first 
accumulator (in the embodiment, a 42V battery 6) for 
accumulating therein the direct current converted by the 
switching circuit; a second accumulator (in the embodiment, 
a 12V battery 8) for accumulating therein the direct current 
converted by the switching circuit and having an accumulation 
voltage smaller than that of the first accumulator; a first 
opening/closing unit (in the embodiment, a transistor SBl and 
parasitic diode KBl ) interposed between the first accumulator 
and switching circuit; a second opening/closing unit (in the 
embodiment, a transistor SB2 and a reverse current preventive 
diode D) interposed be tween the second accumulator and switching 
circuit; and, a control unit (in the embodiment, an ECU 11) 
for controlling the opening and closing of the first and second 
opening/closing units. 

According to the above structure, when the motor generator 
operates as a generator, an alternating current generated by 
the motor generator is converted to a direct current. The 
control unit controls the opening and closing of the first 



and second opening/closing units, and supplies the 
thus -converted direct current to the first or second accumulator 
to thereby charge the first or second accumulator. 

Therefore, there is eliminated the need for provision 
of an alternator and a DC/DC converter that have been necessary 
in the conventional charging systems, which not only can simplify 
the structure of the charging system but also can reduce the 
manufacturing cost thereof. 

According to a second aspect of the invention, in a charging 
system for a vehicle as set forth in the first aspect of the 
invention, the first opening/closing unit includes a first 
transistor (in the embodiment, a transistor SBl) with its 
collector connected to a positive terminal of the first 
accumulator and its emitter connected to a positive-side 
input/output terminal of the switching circuit, and a diode 
(in the embodiment, a parasitic diode KBl ) disposed in parallel 
to the first transistor for allowing a current to flow 
therethrough in a direction from the positive-side input/output 
terminal of the switching circuit toward the positive terminal 
of the first accumulator; and, the second opening/closing unit 
includes a second transistor (in the embodiment, a transistor 
SB2) with its collector connected to the positive-side 
input/output terminal of the switching circuit, and a reverse 
current preventive diode (in the embodiment, a reverse current 
preventive diode D) connected between the emitter of the second 
transistor and the positive terminal of the second accumulator 
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for preventing a current from flowing in a direction from the 
positive terminal of the second accumulator toward the emitter 
of the second transistor. 

According to a third aspect of the invention, in a charging 
5 system for a vehicle as set forth in the first aspect of the 
invention, the control unit includes a drive mode (in the 
embodiment, a 42V drive mode ) for driving said motor generator 
using the first accumulator, a first accumulating mode (in 
the embodiment, a 42V charge mode) for accumulating electric 

Q-IO power generated by the motor generator in the first accumulator, 

Q 

iff and a second accumulating mode (in the embodiment, a 12V charge 

L^, mode) for accumulating electric power generated by the motor 

generator in the second accumulator; and, in the drive mode, 
the first opening/closing unit is held in a closed state and 

!==^15 the second opening/closing unit is held in an opened state, 
in the first accumulating mode, the first and second 

i^y opening/closing units are both held in an opened state, and, 

in the second accumulating mode, the first opening/closing 
unit is held in an opened state and the second opening/closing 
20 unit is held in a closed state. 

According to a fourth aspect of the invention, in a charging 
system for a vehicle as set forth in the first aspect of the 
invention, there is further included a voltage detect unit 
(in the embodiment, a first voltage detect unit 7 and a second 
25 voltage detect unit 9) for detecting the accumulated voltages 
of the first and second accumulators, wherein the control unit 
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controls the electric energization rate of the switching circuit 
according to the deviation of the detected voltage detected 
by the voltage detect unit from a previously set reference 
voltage . 

5 According to the above structure, since the electric 

energization rate of the switching circuit is controlled 
according to the deviation of the detected voltage detected 
by the voltage detect unit from the previously set reference 
voltage, electric power can be accumulated in the first and 
310 second accumulators while applying a desired voltage thereto, 
ft According to a fifth aspect of the invention, in a charging 

A system for a vehicle as set forth in the first aspect of the 

Z invention, there is further included a smoothing condenser 

^ (in the embodiment, a smoothing condenser C) connected between 

=^15 the positive-side input/output terminal of the switching 

y 

.-^ circuit and a grounding terminal, wherein the control unit 

y includes a pre-charge mode (in the embodiment, a pre-charge 

mode) for opening and closing the first opening/closing unit 
with a previously set electric energization rate to thereby 
20 charge the smoothing condenser. 

According to the above structure, it is possible to execute 
a pre-charge operation to previously charge the smoothing 
condenser with a desired current. 

According to a sixth aspect of the invention, in a charging 
25 system for a vehicle as set forth in the first aspect of the 
invention, there is further included a smoothing condenser 
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connected between the positive-side input/output terminal of 
the switching circuit and a grounding terminal, wherein the 
control unit includes a discharge mode (in the embodiment, 
a discharge mode) for opening and closing the second 
opening/closing unit with a previously set electric 
energization rate to thereby discharge the smoothing condenser . 

According to the above structure, it is possible to execute 
a discharge operation to discharge the smoothing condenser 
with a desired current. 

According to a seventh aspect of the invention, in a charging 
system for a vehicle as set forth in the fifth aspect of the 
invention, there is further included a current detect unit 
(in the embodiment, a current detect unit 13) for detecting 
an input current to the switching circuit, wherein the control 
unit controls the electric energization rate of the first 
opening/closing unit according to the deviation of a detected 
current value detected by the current detect unit from a 
previously set reference current value. 

According to the above structure, since the control unit 
controls the electric energization rate of the first 
opening/closing unit according to the deviation of a detected 
current value detected by the current detect unit from a 
previously set reference current value, a pre-charge operation 
can be executed with a constant current. 

According to an eighth aspect of the invention, in a charging 
system for a vehicle as set forth in the sixth aspect of the 



invention, there is further included current detect unit for 
detecting an input current to the switching circuit, wherein 
the control unit controls the electric energization rate of 
the second opening/closing unit according to the deviation 
of a detected current value detected by the current detect 
unit from a previously set reference current value. 

According to the above structure, since the control unit 
controls the electric energization rate of the second 
opening/closing unit according to the deviation of a detected 
current value detected by the current detect unit from a 
previously set reference current value, a discharge operation 
can be executed with a constant current. 



28 



